Abstract. In order to analyze utility and assembly performance of the torsional vibration damper, an engine of a rubber-type torsional vibration damper as the research object, the finite element model was established by ABAQUS software, and the torsional vibration damper rubber ring press-in process, slip process, pushing-out process was simulated, and compared with the experimental results. Study on the simulation and experimental results challenge that the deviation between the experimental value and the simulated value of the three parameters, the press-in forces, slip torque and pushing-out forces is less than 10%, and it could be identified that the established finite element model and simulation method have high reliability, and have certain guiding function for the design of the rubber-type torsional vibration damper.
Introduction
The rubber-type torsional vibration damper is widely used in the car crankshaft vibration because of its simple structure and low cost [1] . The service performance of the torsion damper affects its working condition, and its assembly performance is closely related to the processing efficiency and production cost. So far, the researchers have explored some of the rubber-type torsional vibration damper. Yu [2] et al. studies the optimal natural frequency of the torsional damper. Mendes [3] carries out a parametric design based on the natural frequency of the torsional damper. Sun [4] et al. established a rubber-type torsional vibration damper Kelvin Voigt mechanics model. Wei [5] et al. has studied the testing method of natural frequency of rubber torsional damper. Shangguan [6] et al. proposes the best parameters of vibration reduction in multi-rubber-element torsional vibration dampers design.
In summary, the above research focused on the natural frequency and vibration damping effect of the rubber-type torsional vibration damper; and with the damper service performance, assembly performance research is rarely reported. In this investigation, a kind of rubber-type torsional vibration damper for automobile engine is taken as the research object, and the finite element method is used to carry out the research on its assembly performance and service performance.
Construction of Finite Element Model
A rubber-type torsional vibration damper, represented in Figure 1 , consists of hub 1, rubber ring 2 and inertia ring 3. The hub 1 is directly connected to the engine crankshaft, the rubber ring 2 is positioned in a cavity formed by the hub 1 and the inertia ring 3 (pulley), which is the spring and damper elements of the damper. The inertia ring 3 is connected with a belt that drives the front end attachment of the engine, and transfer engine torque to other accessories, such as air conditioning, compressor, water pump wheel, etc. During the operation of the damper, the inertia ring and the hub squeeze the rubber ring and transfer the torque through the static friction force between the apron and the metal parts.
1-hub; 2-rubber ring; 3-inertia ring (pulley) Figure 1 . The rubber-type torsional vibration damper.
The main measure of the service performance of the rubber torsional damper are: slip torque (engine output to the damper torque, when the torsion wheel and the rubber ring damper torque relative rotation value, the larger the value the better the performance); pushing-out forces (The axial load of the engine to the damper, the axial force when the damper hub and rubber ring fall off, the greater the value, the better the performance); press-in forces (The peak value of the mounting force of the rubber ring installed on the hub during the assembly of the damper, it is smaller and easier to install). Figure 2 is a schematic diagram of pressing-in rubber ring; the rubber ring 3 is guided by the inner guide sleeve 2 and the outer guide sleeve 4, and pressed into the cavity by the pressure ring 1 between the hub 5 and the inertia ring 6 . In order to analyze the force and deformation of the rubber ring in the process of assembling the damper, a finite element analysis method based on ABAQUS is adopted 1 pressure ring; 2 inner guide sleeve; 3 rubber ring; 4 outer guide sleeve; 5 hub; 6 inertia ring In the finite element model, the components except the rubber ring are regarded as rigid bodies, and the rubber ring press-in assembly drawing is modeled. The simplified finite element model of the rubber ring press-in assembly is represented in Figure 3 . Using the ABAQUS/EXPLICIT solver, the rubber ring model is divided into solid mesh; finally, the model consists of 26820 elements, 67377 nodes, and the element type is C3D8R. To solve the finite element model, it is necessary to obtain the constitutive model parameters of the rubber and the contact friction coefficient between the metal and the rubber.
Finite Element Modeling of Rubber Ring Press-in

Material Constitutive Model of the Rubber-type Torsional Vibration Damper
The hyperelastic constitutive model for rubber simulation mainly includes Ogden model, Neo-Hookean model, Yeoh, Reduced-Polynomial model and Mooney-Rivlin model. Under uniaxial simple tension (ST) and equibiaxial tension (ET) loading conditions, Mooney-Rivlin model can better characterize the mechanical properties of super elastic rubber filler [7] . In the uniaxial simple tension (ST) and equibiaxial tension (ET) of rubber materials, the relationship between nominal stress and principal elongation ratio in the direction of load based on the Mooney-Rivlin model can be expressed as:
Formula: 10 C , 01 C is the material constant of Mooney-Rivlin model. The principal elongation
,  is principal strain. In order to obtain the rubber material parameters based on the Mooney-Rivlin model, the real rubber column specimens, uniaxial equibiaxial tension and dumbbell shaped specimens uniaxial simple tension were carried out respectively. During the test, the force and displacement of rubber specimens are recorded, and the force displacement curve is obtained. Test data are processed according to formula (1) and (2), based on the data model of Mooney-Rivlin hyperelastic material constitutive model, the model parameters C10 and C01 are obtained, as depicted in Table 1 . In Table 1 , D1 is the volume compression ratio, and the volume of the rubber is almost incompressible during deformation.
Determination of Friction Coefficient of Friction Pairs
Study by Nie [8] et al. proposes that is the coefficient of friction, is the stress on the inner and outer surfaces of the rubber ring, S is the contact area, R is the radius of the torsional damper hub, N is the pressure of the rubber ring on the inertia ring and the hub, and the formula of the slip torque T is (3) In the slipping process, the rubber ring maintains constant pressure on the hub and the inertia ring, and the slip torque is proportional to the friction coefficient of the friction pairs [8] . According to the measured slip torque peak value, the friction coefficient is calculated by modifying the initial calculated friction coefficient. Based on this method, the friction coefficient μ is 0.36 through the measured and the friction coefficient correction.
Simulation and Verification of Performance of the Rubber-type Torsional Vibration Damper Performance Analysis of the Rubber-type Torsional Vibration Damper
The engine manufacturer's performance design requirements for rubber-type torsional vibration damper are: slip torque  882Nm, pushing-out forces  18000N.
Simulation of Press-in Forces
Simulation analysis of press-in process of rubber ring as depicted in Figure 4 , fix hub (including the inner guide sleeve) and inertia ring (including the inner guide sleeve) model, the initial displacement load of Y direction is applied to the pressure ring -46.5mm, when the rubber ring is completely pressed into the cavity, the force acting on the ring is the pressing force, and the change is as represented in Figure 5 . As can be seen from Figure 5 , the thrust force of the damper increases with the increase of the indentation displacement. In the initial 14mm process of the press ring, the rubber ring is in the inner and outer guide sleeve, and the fluctuation of the force is smaller; As the downward pressure continues, the contact area between the rubber ring and the hub and the inertia ring increases, and the force of pressing is increased until the end of the assembly process, and the pressure reaches the maximum value 26124N. The apparent fluctuation of the pressing-in force is due to alternating changes of the compression and rebound of the rubber ring during the assembly process. Figure 4 . Simulation analysis of press-in process of rubber ring. Figure 5 . Press-in forces change process.
Simulation of Slip Torque
The slip torque of the rubber ring pressed into the cavity structure is simulated and analyzed, as depicted in Figure 6 ; the angle torque curve obtained by simulation is represented in Figure 7 . As can be seen from Figure 7 , in the initial stage, the torque of the damper reaches the peak value of the slip torque about 4 degrees after the turn of the rotor, about 944.8Nm, and then rapidly becomes stable. 
Simulation of Pushing-out Forces
Simulation analysis of the pushing-out forces after the rubber ring is pressed into the cavity is carried out, as depicted in Figure 8 , The relation between inertial ring reaction force and the displacement of the simulation is represented in Figure 9 . From the curve of Figure 9 , it can be seen that in the course of 0-3mm, the test instrument and the inertia ring have just come into contact, and the pushing-out forces increases slowly. After the 3mm, the inertia ring is fully contacted with the pushing-out device. With the increase of the inertia ring displacement, the pressure drop gradually becomes larger, and the pushing-out forces reaches the maximum value at 14.7mm 20091N, at this point, the friction between the rubber and metal reaches its maximum and the rubber deformation reaches its peak value. After 14.7mm, the metal contacts with the rubber changes from static friction to sliding friction, while the rubber is gradually separated from the metal contact surface, the decrease of the contact area between metal and rubber leads to the decrease of pushing-out forces, at 30mm the metal is almost completely out of the rubber. 
Performance Test of the Rubber-type Torsional Vibration Damper and Comparison with Simulation
Trial manufacture of 10 rubber-type torsional vibration damper samples, number 1-10, of which 1-5 for slip torque test, No. 6-10 for pushing-out forces test. The press-in forces peak is also obtained during the press-in process. The test data are represented in Table 2 . The slip torque peak and pushing-out forces peak value of 5 groups of samples and the peak value of 10 groups of press-in forces are obtained. The maximum value of press-in forces peak value, minimum value of slip torque peak and minimum value of pushing-out forces peak are selected. Comparison of test and simulation results is depicted in Table 3 , and the results challenge that the deviation between them is less than 10%. In addition, the above simulation is carried out under ABAQUS/EXPLICIT, and the rubber ring model uses the first order linear reduced integration element (C3D8R), in the process of press-in, torsion and pushing-out, the rubber ring takes larger deformation and in the three processes, the unit mesh will undergo serious deformation, there may be zero energy modes without stiffness, that is, the hourglass model, which may have an impact on the accuracy of the analysis. The press-in and torsion, and the press-in and pushing-out processes, the system pseudo strain energy and the system internal energy ratio curve are represented in Figure 10 , the pseudo strain energy and the internal energy ratio of the above three simulation processes are all below 10%. Therefore, it is assumed that the above constructed finite element model is reliable. （a）pseudo strain energy and internal energy ratio （b）pseudo strain energy and internal energy ratio of press-in of press-in and torsion processes and pushing-out processes Figure 10 . System pseudo strain energy and system internal energy ratio.
Conclusions
Taking a rubber torsion damper as the research object, the finite element model is established by using ABAQUS software, and the press-in process, torque process and pushing-out process of the rubber ring of the torsional vibration absorber are simulated, the peak value of press-in forces is 26124N, slip torque peak is 944.8Nm, and pushing-put forces peak is 20091N. At the same time, the performance test of the damper is carried out and compared with the simulation data. The results challenge that the peak deviation of the above parameters is less than 10%, the established finite element model and simulation method have high reliability, and have a certain guiding role for the design of the rubber-type torsional vibration damper.
